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Transition-State Theory of the Linear Rate of
LUj
L. Decomposition of Ammonium Perchlorate

Mir.Robert D. Schultz and Albert 0, Dekkcer
Aerojet-General Corporation

Azusa. California

Abstract

The experizental data of Bireumshaw and Neman are ana3,yzed in

terrms of a linear rate of progression of the interface between resi-

due and Lmdecomposed crystalo Linear decomposition rates correspond-

ing to given temperatures are derived directl7 from the maximum rate

portions of the sigtoid curves of product pressure versus time. It

is proposed that in the temperature range 2200C to 280°C, the decom.

This work was supported under Contract AF1(600)-1026 by the United
States Air Force, through the Office of Scientific Research of the
Air Research and Development Command OSR-TH-u.5.2
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poition lnterflac tr~ael exoluivel tivough the disordered mtell

betmei the smo bloeks of tarn crystol &W doss riot peta'ate the

Saterior of these bOLodks*. Abolute rate treatmnts In the =m of

Lai~flrx 0.estws and Vring wre presente for each of the tw *W*ystl

ftm (.rhorcWbo aed oubia)e Tbs treatumbs are aelar to those

Ivoposed for ths sublimatio of ionic solids and the vaporluatlon of

solid uunivs chloide, respesotvelye
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Rircumiiawmandhave remntay umnrsed th. restt of an

fl15432# 228-41a (19500)

wm mmmmm mm mdos mmft Oma M a m m am mt m~m

imoptioaW2 detailed Imvstization or the kinetcs ofdeoouta

of wmmtitm pe Mhorate The present writers semea ap obtained a

MWof vell ove a hundred popes containing the mccellukt original

2Le Le Birctiniaw and Be. R. Roe% iterin Reporb Murch& 1951.

m m mmm mm m am so an do W Go go m m ND

data which fcitedthe Mbiwng theoretica analyis. The present

paper Is based Won a disOuuiM3 origInally preseated In 1952 am re.

3Ro E6 Schults and A. 0. Ddcer "The VnmtIcu of atooetcno

Aftsoniua Perchlorate' presented at the 22ndA tional Ifeeting,

AArcui *wu.icl %dstrs Atlantic Mrs~T Now Yoikq %epbbwo 1952.

amtly modified In the light of recent abadieu on the l4nea vaper!.
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Rates of SoliM. ?mwb I*" In th I 75ft &TMO On * ,-Uan

Sym~osiu (19%)g !Relnbo4 PubliM ooqas~s Now Ycsfk, (1955)o

I ~~ R. D, Sohults and A, no ndickg to be pIM59ad. OeR-TN-55-l.,
do 4..4m m m. as 4 .m 444 m .. 4 w4..m.so4m4.on 4m4m4m 4do

m*3 4.00 md lad . 4.n44.4..4'4 44..

6e t6D Schultz and1 A* 0.e Dikker, Jo. hum. n1~as In press. osR-TN-514-367.

7 & Do Schlta aM A. %. Deder to be pubed. S-NS-3

%r a swIo of excelent photeuicopgaphm an Srividual crystals

of sam pucborate Bromb and Remul4 demted that the

slo dcotoMan at 230 C pwocsdsty theV frgmtIc of Mopei spotz

(too*# 1312016) ani the crysta surf cee Thes pots then pw inasim

and wwntmlly coalesce 'to form a ca~nw=um opaqnu region Ann bousba

width the tasnparau regii was obewyd to mm ui~.frs'dy 1a'd t~r'ad

the oitw of the crystal. 4mi the bombin --amie- the center of the

cry6sl deOOUtiCcases lesiagf a poroa pineuomuvb ida Is

stI pm' sim awiorate but *A a has a dsmsit only 70% of that

Of tbs OriOIiza 017tul.



3h the fblle.Sng discussn It Is dwm that a ingle ooguistat

tUsahmut of the WAneto date am be node In term of the liner rate

of St pesin of the Intarface, betwemn partially decomposod d vu.

decopose crytal A moiiainof a treatmut by n.ott, to urns to
nm~mw ddomMm m M Mmmmb Mmm mbino makmmmm mMee mmm

8 If* Pe Mttt Proc. Rqr Soc. (London)# A-7 325 (1939).

m0a m m as an m 4w 40 m;O m m 0 m Im - do m -f m m .0 0 40 40 m

anma~ze the accalratory (or nucleation) period, and a modification at

a treatimt by Toplqr and Huu&9 is used to ans~'s tho decel4ratoe' (Or

9 eTOPlqaOld Je Thw Mroe. ROY* SoC. (Londo), p1 12)

mm m 40 mm m I= 0 Ow so go m m m m m -0 a* ab 40 mw m mW m s

postameohlesomoe) pariod9  An elatonfor the observed cessation of

the reotion at 301 completmIon sproposed on the basis of the concept

of mosaic strwucture In crystals. The eape3aMa linear rate. derived

by thi9 endbruis provide a basis for a trniinaaeabolute rate

trea t In the umue of (Uasstone, tilerg and rMngw These latter

calclaton.suggest that the intermossi internl of the or Vh m o

crystol deconosus below 2 0 C via a W~Inw ratomotrofling ste re-

qutz'ift the attaiimmt of nearly free rotion of the peib ato lone

On the other land the intrmo aicmoril of the cobi crystal appeas

to deomose above 20OC vis. a ratemotmolli@W ste h Involves

desoptin of a lotoel bound WVHCUII omjam &rM Its Ptvoa22e

edm~e tte atthu decmpoitin Intarftooo



ofdo~sth a o th Woolot s Pros mW tbe AoasscW icdh b

mo of free adbosted. perchiori acide 7b supwot this bypothes VmW

have duontzaWe that the IndwUmto period for Ueo~utc is ansidx&.

ahiy shortend by cz'ystaflsng smof th emat with pardaoro acid. as

a 2% IRN~ri* 1Mreoverg thq find that tOn Iuiduotio period. is csidz'h

WAb2 lengthend by a =1. presur of auaonla over the mat# preubly

aused by the nouttymliaticn of adsorbed perdAolo a"id Acoimdbng1rv

the following medamam ts asmed for the nucleation process

NR~iD 'W 3  a (% N + (1)%

(aryal) (pftif~oth~ adw) (09) (adsoaibd n
saidsurface) wamfac

staft
WshaO (as) (ad) (g) (ad)

tat do/dt be the rate Of WkSMi of W63 (g) tics the surnface of the crysta

in umelee~ oa- a2 As a AMrs --o~aatinp the bedc repotion

(ib) ad (14) we negdated andl teaotion (1c) Is aummed to be rate cop.

trwulaire so that

do *(1 H~ai~ (2)

ds ke Is gou specific rate constuit fr rawtio (2c) and dw



Is a comGnatioa constants (be a2etnste aewuqption that reaction (1.)

is rat*-ontrolling wil not affect the mathematical faM of the dom-

position presUe time relationsip (13) below.) Assrte in this first

apprwdation that the rate of escape of perclormio acid fra the surfae

is negigiblo, Asume also that the time required to attain tmperature

equi is nelgible compared to the duration of the nuclention

period. At tim t after start of heating the t of perobloric

acid In the surface Is

("CWCI )ad = S i:t (3)

provided that no adsorbed HCL% or M s pres.utprim to t =o. A3
nuclas wi be considered to be In existence lihn a otain nmber Js

of HC2I. (ad) moleules have mirated to a potential nucleus site (1.,,

suftce discontinuity) and have decomposed to leave a surface holo. Th

mobiity of the adsobd perchiorc acid could be the result of a surface

lattice mi ration process of a type discussed tb' ,,crsd. 20  Pbr

.1.~~~~ ~~~ . .fc~omd .as .r .o. .p 8t. .1..).

MR1%O the mipatie procaie ui4gt be vimmsliwd as

acj ai3



The formation of an eqtov space In the mface lattice Caused by a

decompoition reaction of J molecules of E.aO at a potenU.sa nucleus

site shmld loosen the lattice restraints on the iuuediatalr adjacent

ions, thereY peratting them to enter decomposition reactions. (This

situation Is comrble to the caloim carbonate decomposition die.

111cussed by Langimuir. The latter %med the phase rule to show that the

1 * TAngrair, J9 Ai. Chi. Soc., 6 2263-2267 (1916)0

am ,inmmm m a. - - a . . . . .nmm. m .Nm . a. d M m m mm 

lattice vacanev left by the removal of a M2 W weakens the bonds

by Which adjacent poups are ld.) The rate of nuclei formatimn per

imit area of mytal Is then

there I Is the nmbe of potential nucleus sites per unit area and kn

Is the specifio rate constant of the nucleation processe.

It has been observed In mn crystal decompositions that the radUl

powth rate (dr/dt) of a nulous is constant under Isothermal conditions

and varieowth tmpeat 7 ac ording to the eqiation

9~bB dpd D *(-PAT) (6)
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At the tme I'# the radius of a mdleU bom at tim t Is

r- = (BC"- t)()

Doth V. and t ae measured from the coamement of lUng.

fte volms of a hwldeph o l nuclou is

V - (2/3) "7eB (9'3 - t) 3  (8)

and the total ouwng V of all n nuclei ex.stin- at azittm 'T' before

coaleoenm (Le. before appe blo interferonoe of decompositim

sows occurs) is

V (2/3) Jr ( - t)3 dn (9)

vmm du is give q u tio (). Haomt3-r )3
Vn=S(2/3)rDIa1t (r-t)%dt (10)

Ineration gives

+ 2) (3 r1r 3 + 41

-I I
pt
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If It Is assmusd that perchioric acid aec me by a bias1.cWlor re-

action at a potential nucleus sIte, so,3 that

vn = (TrA.7 0.10)T6  (1.2)

In the absence of secondar roactios at time (t)p the presur. (p) of

decomposition products above the sat is proportiona to V p so that

*wiee C is a onstant of proportionalityr. !quation (13) is identical

in form to the power expresuiong p = kt1 (vwee x =6.2 ± O5) which

aircianhaw and lewman2 foxmd to hold for the aocelwwrtom7 period at

220 -27!Pc* secondar reactions In the paeoms decomposition produ

which Involve vo1lus chmngs wil1 not affect the xeimna value Of

the agponnt x provided that the final dcmotinis attained In a

time ich is either very =mUl or very large ompared to the dtwation

of the acceleratory period.

Th~e above olouaticas suggest that aw hind of bimlecular re-

action In epnil for the fowtion of a nucleus but it Is by no

mme anscrtain that the reaction Irrolvos perobLoric acid* An Altems-

tive asamption that a udeus Is forged bar two Wae (or eve two

chargd particle) which migrate twug the crystal lattie end one-

lemc at a dion~ni~in the crystal would leand to auth ti l

wpeim of the sam famuas eqtution (23).o SeI .~st*



The Rmm.Rm git Pod

000 0 oaleseence of the growing nufflei has occurred so that the

sOrf~ce Is oamPlete3. covered byr a layer of residue, equatio (1-3) Is

no lmer valid. At this time the reaction interfaces no longer in.

crease in area. Instead the reslting, sUige Interface decemases in

a as it progresses toward the center of the crytal. Tat the shape

of a givw crystal at eoelGsoence ttme t. be approdmated as a sphere

or radius rT. The volme V of umdeocmaposd crstAL inide this sphere
7

at time t is

At the later tbw tq the volmue Itof undecoaqposed ozystel is

3
vt= (h/3)lr[ -B(-t (1%)

trafezentaUm gives

2

teo et 90m t . Q(26)

The rate of binozse of decomposition product presur dp/dt is pro.

poruonal to the rate of volue decrease mdVdt and to Q the not w



of ft7st~ls asad =mSfoim In 912e and iba" so that

dftdt11rT3 
(1?))1

whore 0 is a proporbionalltr constant. The m=daim rate oocm's at the

tim t a So that

The mudber of crystals Q in a fixod initial weight r7 of uniform !I 1

crystals (anmasd sphwill ii she) ts

Whore roIs the Initia cystal radius and P its dwautyr.

Inserton Of (19) Into (18) 9tve

(dP/dt)y 3 r - (20)

Let tho differnce bstwm the nitil radias of the crysta and the

radius of the spherical reaction interflac, at celsmebe 6- i

4'
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that

and

(d~db) (61S .&~r (r2&)/r. (22)e pro-.
porbioiial to

For largpe aryst4up 6 Is amU 3 awgured to r so tbat

Ilium, the uaxlsm rate for a given mss of large 1HCO 4 crtasshould

vary Inversely as the intil aryta r&AdUs., 3ndeed this Is nearly

thereatinslpobserved by V.c ha n Nmc a 2 , for crystals gatw

than 0.004 Inches In disater. BEhow this size# the =mi =sto me

fbid to decreas ifth doeoras In diaustw. This results ftv thu fatt

that oaoecie occurs at W'etter peroen~ge of deomosition for the

*=Uaw Particles (I~e., 6 is no loner mU oipwre to r.). 'WQOPe1

reached a edAUllr conalmo about the effet of doevmft d partbcd use

an the mwt of sold Wea on-~m



Vokw a givm batch of unifcam crystals the point of Inflectin of

the cmon3ay observed almoid decomosition prssure..tif mem 8ve cons-

spand approximste1y to tv the tlime of coalescence of the nuclei an the

surface of the crystal. At tims t ty the decaui~aition rates in term

of fraction of original ww~bal volume Vo0 is frm eqaiin(6

I 0 in oo'5oa to pr , the final decomosition prMw., so that

(214) beatome

-a3B 31-~ (.25)

?he ratio of the volme of wdeomposed crysta to the original

volme in at time ty

Ifhe radixs of the A ecomposi01tion Interface at time t7 Is# therforo,

warP )V3' p; (2?)
0 P ri r



The mximm rate of linear progression of the eaostcliefae

Bu =dr./dtt attit Is

. (dl/dt)7 (8

3Pj" (Pr - lf

where r0  initial crystva radiusa

(dp/dt) u slop, at the point of Inflection of

siwmoid, deoiuositimf product

Pressure - tb. curve MHe see

py dsco~position produt pressure at

point of inflectionmH

pf fina product preour (asewtug

no change In va1lu. of qstmf

during riM) usfg

Tr means of equation (28)9 sxeisatlyalus of 9 (plotted In Figure

1 as log% 1R versus 1/T) were derived dtrct2 frau the si..id. pint

OwpMe of the orlgual Biratmuhaw and Neiman data2 usjng their estInated

mam value lof r w 1.98 x 2e~ c. 1lW 513PW the linear doeca~osition

rate of the Sn-tezoemi@ mteia of the orthorat IH 4 fO Irsal

givn t

(owtbsztxui20 8 am (.3,03/R) am mee (29)



V .

At APfKv the crysta of RC1% amma the cubio NMa tMp lattilas.

Above this t metep the linemr douositan rate of the

usteria2. of the cubic mmGO, rstal is

%%HOL0h (ato) 2*4 '  2D up (.-6,2oo/R) m sec (30)

It is of intAest, to cmpare equation (29) with an eqtin 7 recently

estimted, for the mxdmn linear rate of advance in vacw of the deoo.

position Interfaes between CaC 3 and CaO

7.7 x 2o7  up (-7,60/4 )

It is also of 11ers to cOmpare equation (30) with the equation for

the linear rate of impcirmAtion of ummim dalde obtained by an

aMM1sis or the uprietldata o f H. Spluae. 1

m -w w 06 $A .m --w 40 46 a 4wn n n -

1He SpdAW9 er "W.elske CQmes BJ 90-106 (1942)9

RH . = 1.2 x 1o u (-a3,O/) am GOC" (32)

.U.



40 17 4

It -faofo from the previous mthmmau anialyis that the eqmuin

of the decelaratory portion or the siUmid p -t ownv Us

3

-3 
(33)

p7  0

whre r s'give bY SqMUaio (27)o Pigures 2, 3# and is omare th*

deceleratomy crves derived by equation (33) with the epersentl

CUrVes* At 215OCs the ageement Is excellent but becomes progressively

* ~poor' with Increasing terue.The discrsenqy at higher tes.

atures =W be the' regult Of an inCreRBe in the vSporAwtIo rattu of the

siat without oxidi zationreduatimo reacticeg in the gas phase or pea.

hape mW be the revaft of an imeo or hindeIfg effect of the Lqi'

of residus an the escape of gaseous products fom the doconositlen

Interfacs.

TheMo ahrub ssOf the SiMpl )Ssodlation Proces

An~ omtbhai bdiwic o tr the diusociatim of otohuo aa



perohiort to DaOWUS WMOf a md perrl cid mw be wrAtt~ji as

WniR3.i + 11(4 hoto (34)

StAte (onto~ob~) (a) (ca)

(czafal

Ref erence 1 4 k (Calculated) Q W Dffemoe)

24atMOMI .1Breu of Stwoz~ardss circar 500 (1952)o

-1A value of 8.8 koa g.um1 for the wthapy of 'raporisatlon of

and~us erhioicacdd mes estbaated from Yapo pressure data2L5 1tr

25J* 17 lbeuars TCmcosv reatilse on I3rg31c and 1 ieoretima2

Ch..ieta7,W !mipsa, (h'm &W OCainp (Lodon), ol 1.,v P. 377.

ueof the Clauslue-CLapqron equatlon. This amthu1iV of vA~piSat4an

ww added to the 41.1 koal &mi- beet of foiwtima of HQ.0 (24q)

(Wwf~s 24~) to obtdn the mamted vaue 64__ex tu (m

-2.3 koa .....i., -emcuon (34), an mitt=# is Ond othecmdo to the

actaub ot about 56 kma &oe This vaue Is somwat =wwoeraz
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because the huat of aqueou solution of =0C(liq) is not Iwom anow.

rat~eyi? Since the a othezvity of the 9UVIA dissociation pr'oces

36 C* F. 0oode, and A. E. Le Marsho Jo Chat. Soc.,l IlO (1937)9,

(34~) in xuch higher than the observed activation erserzies for the

vaporization process, it foflm that the U^tter mst occur In stagems

rather then as at sing~le step

arn Pan iles 7 ha vugse~d thatip in certain cases* solid

1? Garner wAn 11. 1%. lafes Proc. Roy*. %a* (UAnz)q

576-5~95 (1933)w

decopostionmigt proceed pwfwt alone~m the botzidaaies Of the

mosaic blocks comprising a crystal. If the decomositio4 pahs at 215

to W8l~C travel excclugiveI7 though the straino Intermosaic lattice In

1UI0Ccrystals and do not ponstrate the Inter'iw of the mosic blocks#

the floZ!Etiofl of a resido, stable at thee tIprtrsis odwtanftbla.

The vmnu uIt* of the mmicl bl~ocks In soiu perd lorate mw be

.stmated an tus uumimc ftat the thidmeuS of th e stined AMCuiio

lattes about equal to the ii of a u=t cel of fth c&i Aftte



[ 1

If the residae osts =min of the o wial usa blocks Vith the

Antwwwosia terWa rwovW It foUoDs that

TwU~n 7TGa r0. (35)

wee D) isthe side dision ofthe mosic bloi

d In the thiolmess of the Intoruosaic layer

0.7 is the fraction of the original ,mss remaining

after oeatJon of demopositon.

Setting d equa to 7.64 A, the side dimumian of the umit con in cubic

1O14C.014 (ROforonoe 18), gives a un averago value of about 62 A for

18 Ham ad vo Mgeo Ze WA9st .7 .j6 6 (930e

the ie112 dlAIM of a mosaic blodk or about 69 A for the spacing of

successve inesei lay ,s

Transitio StAte POSOowOsiLU Rte' 2Mo for
Tnte~mos.io uc.omc

Asom that the f1n staps of the musoanM of deopoto,tn of

the Intmpall *atwial in tho cubic fam of ammi pe lawate in

*1
i!

p V
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-. A (37)

Reaction Intermiate frieveruible Oxidation-13eduction

where S2,is a dual adsorption site and where the reaction intermediate

is a loose NH3 l H110% casuluc hidih 'a pkiyuicOlly adsorbed at the

decoposition interface, Reactions (36a) and (36b) ame similar to

those assumed In a receat3.y revised absolute rate treatuo, of the

8mmami'm cloride decOMWomitIOn N% ClUB) -- t 3(g) + HCl(g)* A yosi

bility .xistu* thierefore, of a2yzing the reverse reaction (36b) by a

straightowrd application of the absolute rate treatmuit foruated

by tMofler, OlasUton and V~rIng~ fbi a bimleoular swftae reaction

Mm -W mW do- mm

See IC. Jo tlmiilerg *The Absol.ute Rates of surface Reactilms in

Catalysing Vl* par 'i 19qmh (l9,%&), p, H# 1pets editor.

t11gi101d Publishing Co., NeW TOr*. See Partiodlzy PP. 211ain7.

Mw mm mm mm -mmI W MGW MM qpmm'G iiii mm mm mm M M MW Mm

ymoeedin byr !analrl~shelvod umahaim. EV alo&7 with the

-tret for 1Up~1 the ,maxzm owbauge rates reaction (3at)v moud

be eqsal to the .a~im forward rate of reaction (36.). Asmdz~g ths

latter to be rat.-cnt 14 air, the inxld dsosition rate of the
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1terosati mtr5.a of the cubic fan. of mdu o r wchert. ihoald

coreepodto the equtIon

RC UH " 3(,) *rc~g 8 (38)

vhere

..d(HIP 4 )/dt athe doopositlion rate per imt area of

am="osdtfeo of Sntrmui lobmpefr

Umteria omC2 s

J~~ff~~ji -stemV4 state gas Itbase a-,hit~t

of nma Inl otact vith the

reacUon biterfacs miasces e

of parohlarwc acJ4 In~ otaft wit

the reaction Intawfls wioUmgs C

n aouwto of bmw. dual adw

Sor~ptionl site"c

70 powt~tion famtion of activ&tWon~l

omw &U depees of freedom tOept

the ylbeticml mode I1nubd In f/
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P - ~pstition function of uma Per unt wulii

of gs pbase

' atito fntion of peroloric acid pm'

*1 tunt volum of gas phases

fS2 partition function of a bar, dua adsorption

site

w ctval v w & of surfao reaction aoi -l
kT/h 0 %wing freqmov for p..as Ovr

pottial eierV~ barrier no

IE! a procedure nbarly identicol to tbat ue fe'ior iaclrM

equation (38) my be siq~lifled to

(cubic) Cu HCW

kT to(ba=
k'1/ u 11ngtranitio~wtte f~que~~ or(39)a

800m a otniad.wdbrrm u.
Tg

U * £bu Weight of .eml gvwle'

N *Avogadvo' 00leculs 9 "'1~



t~ tm. -partition fiation for a One-~snin tran-_

latio nmotion of the awetr of S'avit of the

complex In the plane of the crystal aurface.

An an approodmiton f4 (trams) =m1

f(i,) -single mode viational parbitIon function of

the form L1o.ihv/cr14o As an ap-

Stdto f kv) h

VM nfroeecies for trumslaticna osoflation of

ptsically adsorbe aunnia and hydrogen

,aL% chloride In the plane of the adsorbed 1q64r

at the decompoition interface96-

- actvation Onerw for surface reaction Calories &~ode

.w of adoorption of aiazaoi calaie

- m of adsorptio of perdiloric acd clre.gml

M0p1icit, In equ~ationl (39) Is the aseaution that the rotatioma oscil.

lation of pI~~sioa12v adsorbed !IC1O is nearly free Powbmp rotation.

The freque gncies and mW be estimted In the maimer of mr1.l

mr w f m ftd m 40 40 do 40- domm mf 0.0mm



m25a

ar~)zwm and tIuaby utse of the equut~m

21 J. 'T V w ari T o L e Rill, 4o Ch m Pb 775-781 1 4

V. (39)Vu~v~1ms2)/2 .025 x n3 (V~ 2 1 2 U

where

~mV a - trnslat oena l ftiz frequunq in the x

or 7 directions in the plows of the Obi-yI~

*Mfy adabed. layer e

T mxdam Potential siergy barrier to tres.

lto In x or y directionar

3ws of adinorbed xolecule g

* - disttmos between potential ulzdm along x or

y axis of suface lattlas (avond, slop]*

all an acicept for t =u al ol

amawue wdi0ht of adinorbed =lad gMa
S 0

am "a swxapb for unit A

Hill2 bms wS~ted th* P*Aa et barier V.to be abu 0.3 100
koml ornie. If CISA admwz PrefeuUally an a I=ond



=3I is ad@Wbed pfetL*WULVon a a( Sonq the distance S ioms]d be,

about equal to the 7*64 1 side disenson of the wait o22. Sn cudbic

WhC101  Thusp the estinated frquanos we'

18to 33x IO (0

S0*7 to 1.3 XIO a"-, ( 1)

As In the treatamnt for aimuonius chlorde

BO 2Y0  60D to 2000 admii e&s,1e (1.2)

-!kcg NH3 o

-= 4R - a 00 lories g-=]a.'4 (44I)

v3er 4H0 5 miudfies a mnthalm of ul~mtion asured at thie tw~poi'

atwe Toe of 04 (cubic)

'Ibsary (NO assiind to be 063 ka u-nds)



"MyoZ (To aumnd to be 1.0 kcal twA."' 1

in fair agrement with the eprmna2'dwived valve

=2.4 x 101 exp (46,2D/t) am "a" (4s?)

Us. of .swegie of liu c In zstosd of ~Cgiao of ubltonto

aplpromxat. and r- womUd have g.van an act~vat4.on mw of

3l3*9O to 2585W caorles uSmol also In fair apemmat with the

ecpr~Iuit aus. In thus. olulat~ons the entbhalis of subi-

WMt nd 1lqsatOnf awmna a tukn fromt a cmIlation by

the Us so Bare=u Of StAndArds2 The mmtbmlW of fusion of pmdalwlc

22U, So Bmvau of Standaries C.rcuLar 500 (1952)0'

acid ms estimted to be about 2*5 keel Wadeo br omparson with

ritrio, su4fuwlo& and phosphoric a",d The sntbdlW of vapovluatdon

of pmid1aa acid me estimted save to be f.8 keel &OdeI. bas

Wor p'snms dats at 16 and 39PCe
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For the linear decoposition of the Intormosaic mterial in ortho-

'holic mICW4O9s the e dewIved premx ntial factorf

1* x n 10 ~ 8mse Is about the so=i as for s inof oSmyas ionic

crstals and for the deompoition of cal i um bate 4
7  In thee

cases# the ebief statistical diffeenc between the initial and actim,

vated states appears to be that rotation or nerly free rotation is

possle oa In the activated state* Aocdingly, it wdM be assumed

that the foamtioa of the activated comglex for the decoMosition of

Intermossio orthorAmbI4O requires the attainment of an almost

free rotational motion of the C1LO ion at the decomosition interface.

A reasonable estimate of the Initial state torsional t fre

qILEU of the CIdj ion is about 7.5 x 10"' sed- cresponaIng to'sa

oharact~~ristih teueraur a V 36(f1k. It will be assued4 in

acordan e ith a m8u stion by iirouuaw ad Wemn that the an.

wuon1m Ion is rotating alwst froly in the initial state in both ortho-

Aw e and cubio M ho 0 Apropos of this assumption , the neutron

dif c ion Mupe b O fe and PeAWN the infrared spectra

3. A. A* y7 and S. 7,. Peterson, Je Chom* fts.., . 366 (1953)1

,e na M S 1 156-12 (19m3ft A M MM wfte Oso mnnow fwm N= g mfmf MM~b m M



swanes of Plvmb auud Hown$,2l 0 the Raman spectra stun"e of Coutuore..

214 Re C. Pnwd and t6. . 1onig, .4 Cmm. PItwea. 366-367,&aM 2W1

(195))0

Vathou and 1athieu provide evidence that on i~in1rotation of

000aw m 4 44 --- m m m m ------ Ma

2%Le CouAvre.fttieu and 4* PO MIathieu, JO da P's .42P 226 (31952)*

40mgme m - - m ~qm Ge ~m mdt sw4 b 60014 --- t " w

the S on is possible In the amordiu halides ('*eo* NJ)Hr* !IDJ&

!1114) possessing the IAC M~p structiw. UwIorer the neutron We.-

sfaiopast provide evidence for appreciable rotatory osci2-

latilan of the IH I=n In MD Bre The fact that Cr s ar~ than eitbar

the &'O or 1f' Ion wkes neaz'y free rotation of M+inI 28
W a, diftinat possiblitre

The attaluvit, of the activated ooqlet for doqoitn probably

also Involve a tz'aw~atia OW tiMU of the cKO ion. in a inn- a =4Dm.

pSm to that noed for the escape veocdtv during suhlIzaticn- 6 the

activated state nrnltca otion of tho O cin mIs divided Into three

0 34 VoSMte. The partition fAmation for one of these comwts In In-

&vded in the kT/h factor of the TrInc foriuw2ation of transition state

thory. Ine other two coqiozmft are assumed to be noImutste trans-

latona lattice viz'ationso It is further assumed that the trinslatioiz

lattce vDINUsi of the ,,% Ion reai w ~ te e~ &u t fa te

of Owe activated state



m 30.m

It Is now possibl $o writs an absolute rate .prsimfor the pm.-

exponuital lItuar d -oostimo rate factor' Of in-W i oboo~

idcm# mitca ft fom to tht vaed for Imbojnin Of a non*-4n

where ~ ~ ~ ~ ~ ~ ~ ~ ~ S~ (48)~i~ f1~l~~(rhromi) l9

* - harateritic tempersture for lattioo

vibration frequanqy aaosuizg equa

frequanc for translatioma aM

t~or oncio eS±~Or. 35D Or

6 12u uymtr muber of io

*~~ I m~of inetaoft1Oio

1.57 x -2-3

T averap tajwtm' -t O

MMSAAMo of the above nmerlca cahetate Into eqiation'(I&B) yield

in wascmm ag'eiMb Ith the ipm tel deri-nd win of u4

x IOI



A tb tics caculaionof the &OtAvatjon eWMW for tbg '14aa

dowovosio Of IMAeIUosi cs'hopbi Is not possible as

the basis of premnt )ma.ledso

The authors am' irdebWe to Wer Itichad Do Geckier and Di'. S. C&

Buftet of thUs laborator?, mg to ktoofessor S. Be 1'urow of the

C3alfrmia Institute of Tecbioloa' for valable criticiss In coil-

nection vith an awly vrsion of this puper. Sylvia Daviso assifstd

In tho, amlcflatimnin
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